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ABSTRACT: Direct and maternal breed effects on
birth and 200-d weights were estimated for nine
parental breeds (Hereford [H], Angus [A], Braunvieh
[B], Limousin [L], Charolais [C], Simmental [S],
Gelbvieh [G], Red Poll [R], and Pinzgauer [P]) that
contributed to three composite populations (MARC I =
ÔB, ÔC, ÔL, °H, °A; MARC II = ÔG, ÔS, ÔH, ÔA;
and MARC III = ÔR, ÔP, ÔH, ÔA). Records from
each population, the composite plus pure breeds and
crosses used to create each composite, were analyzed
separately. The animal model included fixed effects of
contemporary group (birth year-sex-dam age), propor-
tions of individual and maternal heterosis and breed
inheritance as covariates, and random effects of
additive direct genetic ( a ) and additive maternal
genetic ( m ) with covariance (a,m), permanent en-
vironment, and residual. Sampling correlations among
estimates of genetic fixed effects were large, especially
between direct and maternal heterosis and between
direct and maternal breed genetic effects for the same
breed, which were close to −1. This resulted in some
large estimates with opposite sign and large standard
errors for direct and maternal breed genetic effects.
Data from a diallel experiment with H, A, B, and R
breeds, from grading up and from a top cross
experiment were required to separate breed effects
satisfactorily into direct and maternal genetic effects.
Results indicate that estimation of direct and mater-
nal breed effects needed to predict hybrid EPD for
multibreed populations from field data may not be
possible. Information from designed crossbreeding
experiments will need to be incorporated in some way.
Key Words: Breeds, Crossbreeding, Beef Cattle
J. Anim. Sci. 1997. 75:1203±1212
Introduction
Hybrid beef cattle EPD have been proposed
(Golden et al., 1994; Wilton and Miller, 1994) to allow
evaluation of additive genetic merit of purebred and
crossbred cattle in multibreed populations as a tool for
efficient use of crossbreeding programs.
Models proposed for genetic evaluation in mul-
tibreed populations (Elzo and Famula, 1985; Arnold
et al., 1992) involve estimation of additive genetic
breed effects, which form part of EPD used to compare
animals of different breed composition. Use of al-
gorithms to account for differences in groups going
through different levels of selection (Westell et al.,
1988; Van Vleck, 1990) has been recommended to
account for differences in breeds and to reduce costs of
solving equations corresponding to genetic grouping.
Elzo and Famula (1985) warned that for data from
open crossbreeding programs, problems of confounding
with genetic fixed effects could exist due to empty
subclasses. Such confounding could be difficult to
detect in evaluations using the Westell et al. (1988)
algorithm. The purpose of this study was to inves-
tigate the effect of data structure on estimation of
direct and maternal breed effects fitted as covariates
in models for birth and 200-d weights of three
multibreed populations of beef cattle.
Materials and Methods
Description of Data
The Germ Plasm Utilization ( GPU) project at the
Roman L. Hruska U.S. Meat Animal Research Center
( MARC) , Clay Center, Nebraska, consisted of an
experiment with three composite populations. The
data structure is similar to the structure of field data
for multibreed populations. Those data were used in 
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Table 1. Matings to establish composites, breed composition, and levels of heterozygosity in
different generations of the composites
aComposite populations were established from the same animals used in the purebred foundation populations; C = Charolais, L =
Limousin, H = Hereford, B = Braunvieh, A = Angus, G = Gelbvieh, S = Simmental, P = Pinzgauer, R = Red Poll.
bHI denotes individual heterozygosity in the progeny of a given generation, and HM denotes maternal heterozygosity in their dams.
Composite population
Item MARC I MARC II MARC III
Parents of F1 generation
a (C × LH) × (B × LA) or
(C × LA) × (B × LH)
reciprocals
(GH) × (SA) or (GA) × (SH) (PA) × (RH) or (PA) × (HR)
reciprocals
Breed composition of F1 and
subsequent generations
.25B, .25C, .25L, .125H, .125A .25G, .25S, .25H, .25A .25P, .25R, .25H, .25A
F1 heterozygosity
b .94 HI + 1.00 HM 1.00 HI + 1.00 HM 1.00 HI + 1.00 HM
F2 heterozygosity .78 H
I + .94 HM .75 HI + 1.00 HM .75 HI + 1.00 HM
>F2 heterozygosity .78 H
I + .78 HM .75 HI + .75 HM .75 HI + .75 HM
the present study. Gregory et al. (1991) gave a
complete description of formation of the composites
including the origins of the purebred animals that
contributed to formation of the composites and of the
management of the animals.
A summary of the matings to establish the compo-
sites, including the breed composition and level of
heterozygosity in the different generations of the
composites, is given in Table 1. In this experiment the
F1 is defined as the first generation that reflects the
final breed composition of a composite population.
Composites were formed from the same sires and
dams that were represented in the nine contributing
parental breeds (Red Poll, Hereford, Angus, Limousin,
Braunvieh, Pinzgauer, Gelbvieh, Simmental, and
Charolais). The level of heterozygosity was stabilized
in the second generation for the direct part and in the
third generation for the maternal part. Contributing
purebred contemporaries were maintained for Pinz-
gauer since 1982 and for all other breeds since 1978,
when the first calves were born in the experiment.
The Braunvieh population averaged between 3/4
and 7/8 Braunvieh and was established by using
semen from nine Braunvieh sires originating in
Switzerland and Germany on a foundation of purebred
Brown Swiss females obtained from dairy herds in
Wisconsin and Minnesota as calves in 1967 and 1968.
Breed substitution from Brown Swiss to Braunvieh
started in 1969. The Simmental, Limousin, Gelbvieh,
and Pinzgauer populations were established by mat-
ing 20 or more sires of each breed to purebred females
from the same Hereford and Angus populations used
in the experiment (except as noted) and subsequently
by repeatedly backcrossing to the four breeds of sire.
Grade-up programs to these breeds started at MARC
in 1969 for Simmental, in 1970 for Limousin, in 1975
for Gelbvieh, and in 1977 for Pinzgauer. A sample of
3/4 Gelbvieh females bred to produce 7/8 Gelbvieh
progeny was purchased to augment the Gelbvieh
population in 1977. These females were graded up
from a female population of Charolais × Angus with
the same sample of Gelbvieh sires used in the
Gelbvieh grade-up program at MARC. The Charolais
population was established with the purchase of
purebred Charolais females in 1977 and was aug-
mented by Charolais grade-up from Angus × Hereford
females at MARC starting in 1967. Charolais sires
were sampled from a broad genetic base. The Red Poll
population was established from purebred females
purchased from several sources in 1966, 1967, and
1968 with sires sampled from a broad genetic base.
The Hereford and Angus breeds have been maintained
as closed populations (except as noted) since 1960. A
sample of Hereford males and females was added in
1966, but this sample did not produce any male
progeny that were used to maintain the population. A
sample of Angus sires introduced in 1967 and 1968 did
not produce males used to maintain the population.
Analyses were performed on two sets of data with
different structure for each of the three multibreed
populations.
Data Set 1. A first analysis was with records for
each of the multibreed populations including the
composites plus the contemporary purebreds, until
1992, and the purebred and crossbred ancestors of the
animals in the composite, back to 1968. The structures
of the data sets are shown in Tables 2, 3, and 4 for the
MARC I, MARC II, and MARC III populations,
respectively.
Data Set 2. For the second analysis for each
multibreed population, extra data were incorporated
to improve estimates of direct and maternal breed
effects. The structures of these data sets are shown in
Tables 5, 6, and 7. Some data came from a diallel cross
experiment in 1973 to 1974, involving the Braunvieh,
Red Poll, Hereford, and Angus breeds. Gregory et al.
(1978) and Dearborn et al. (1987) described the
origin and management of the animals. Braunvieh
and Red Poll animals were from the same populations
as those in the GPU program. The same was true for
Hereford and Angus sires. Hereford and Angus dams
were sampled as calves from commercial producers in 
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Table 2. Structure of data set 1 for the
MARC I populationa
aData set 1 included records of composite animals, their ances-
tors, and their contemporary purebreds.
bProgeny from these matings were defined as the F1 generation;
the F2 were the progeny resulting from inter se matings among F1
animals.
Breed
Period of
births
Animals
with
birth
weight
Angus ( A ) 1968−1992 2,293
Hereford ( H ) 1968−1992 1,774
Braunvieh ( B ) 1969−1992 1,480
Limousin ( L ) 1978−1992 1,563
Charolais ( C ) 1978−1992 1,481
L × H 1970−1972 84
L × A 1970−1972 62
B × LH 1976−1979 67
B × LA 1976−1979 78
C × LH 1976−1979 40
C × LA 1976−1979 63
(B × LH) × (C × LA)b 1978−1983 145
(B × LA) × (C × LH)b 1978−1983 80
(C × LH) × (B × LA)b 1978−1983 191
(C × LA) × (B × LH)b 1978−1983 167
F2 1981−1990 1,081
>F2 1984−1992 1,424
Total animals with birth weight 12,073
Total animals with 200-d weight 11,069
No. of animals in A−1 15,549
Table 3. Structure of data set 1 for the
MARC II populationa
aData set 1 included records of composite animals, their ances-
tors, and their contemporary purebreds.
bProgeny from these matings were defined as the F1 generation;
the F2 were the progeny resulting from inter se matings among F1
animals.
Breed
Period of
births
Animals
with
birth
weight
Angus ( A ) 1968−1992 2,293
Hereford ( H ) 1968−1992 1,774
Simmental ( S ) 1978−1992 1,494
Gelbvieh ( G ) 1978−1992 1,303
S × H 1970−1972 89
S × A 1970−1972 122
G × H 1976−1977 11
G × A 1976−1977 6
(GH) × (SA)b 1978−1982 431
(GA) × (SH)b 1978−1982 297
F2 1980−1990 1,330
>F2 1983−1992 1,717
Total animals with birth weight 10,867
Total animals with 200-d weight 9,920
No. of animals in A−1 14,103
western Nebraska. Three-way crosses were obtained
in 1975 and 1976. These crossbred animals were
included in the populations that had the same
contributing breeds. All data from the grade-up
programs that were not included in the first analyses
were added in these second analyses. Other extra data
came from the Germ Plasm Evaluation ( GPE)
program at MARC, which consisted of a top cross
experiment involving crosses of different sire breeds to
Hereford and Angus dams. Records of progeny sired by
Limousin (1970 to 1972), Simmental (1970 to 1972),
and Gelbvieh (1973 to 1974) bulls were included in
the second analyses. Records on F1 females were not
included because they were mated to breeds of sire
that were not used in the GPU project. Description of
animals and management was given by Smith et al.
(1976) and Gregory et al. (1979). Most male calves in
the GPE project were castrated before weaning, so
200-d weights of these steers were excluded from the
analyses.
The Model
In general, models that have been proposed for data
from multibreed populations (Elzo and Famula, 1985;
Arnold et al., 1992) involve contemporary group fixed
effects, direct and maternal additive genetic fixed and
random effects, and fixed and random effects due to
genetic interactions, in addition to other random
effects including the residuals. These models consider
the most important factors affecting records of
animals from multibreed populations; however, with
the type of data available, with many empty cells in
the design, it is not possible to get good estimates for
some of the parameters. To analyze the data in the
present study, a simplified version of the animal
model presented by Arnold et al. (1992) was used.
The general structure of the model can be represented
as:
yijk = SUk + pihI + pjhM + filBlI∑
l=1
b
+ fjlBlM + ai + mj + cj + eijk∑
l=1
b
where
yijk is the birth or 200-d weight measured
on the ith animal from the jth dam and
in the kth contemporary group;
SUk is the fixed contemporary group effect
defined by the kth birth year-sex-age of
dam subclass. Sex levels consisted of
bulls and heifers, and age of dam lev-
els were 2, 3, 4, and >4 yr;
pi and pj are the expected proportions of heter-
ozygosity for the ith animal and the jth
dam, respectively; 
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Table 4. Structure of data set 1 for the
MARC III populationa
aData set 1 included records of composite animals, their ances-
tors, and their contemporary purebreds.
bProgeny from these matings were defined as the F1 generation;
the F2 were the progeny resulting from inter se matings among F1
animals.
Breed
Period of
births
Animals
with
birth
weight
Angus ( A ) 1968−1992 2,293
Hereford ( H ) 1968−1992 1,774
Pinzgauer ( P ) 1982−1992 883
Red Poll ( R ) 1968−1992 1,462
H × R 1978 32
R × H 1978 99
P × A 1978−1979 76
(RH) × (PA)b and (HR) × (PA)b 1980−1984 157
(PA) × (RH)b 1980−1984 299
(PA) × (HR)b 1980−1984 99
F2 1982−1990 925
>F2 1985−1992 1,223
Total animals with birth weight 9,322
Total animals with 200-d weight 8,596
No. of animals in A−1 12,378
Table 5. Structure of data set 2 for the
MARC I populationa
aData set 2, in addition to records in data set 1, included records
from a diallel cross with the Braunvieh, Red Poll, Hereford, and
Angus breeds, records from a top cross experiment with calves sired
by Charolais and Limousin bulls, and records of animals in the
grade-up process to different purebreeds contributing to the compo-
sites.
bDescription of data set 1 is in Table 2.
Breed
Period of
births
Animals
with
birth
weight
Data set 1b 1968−1992 12,073
Angus ( A ) 1973−1974 129
Hereford ( H ) 1973−1974 86
Braunvieh ( B ) 1973−1974 26
Limousin ( L ) 1977−1978 8
Charolais ( C ) 1976−1985 780
H × A and reciprocal 1973−1976 293
H × B and reciprocal 1973−1976 164
A × B and reciprocal 1973−1976 185
C × H or A 1968−1969 186
L × H or A 1970−1972 574
A × (HB) 1975−1976 6
A × (BH) 1975−1976 26
H × (BA) 1975−1976 25
H × (AB) 1975−1976 6
Backcrosses H-A 1975−1976 13
C × (C × H or A) 1970−1978 559
L × (L × H or A) 1972−1976 433
C × C × (C × H or A) 1972−1983 480
L × L × (L × H or A) 1975−1978 160
Total animals with birth weight 16,212
Total animals with 200-d weight 13,852
No. of animals in A−1 20,510
hI and hM are the direct and maternal heterosis
effects, respectively, fitted as covari-
ates. The assumption is that heterosis
effects for any breed combination are
the same. This assumption may or may
not be realistic, but with the informa-
tion available this was all that could
be estimated;
fil and fjl are the expected fractions of genes that
the ith animal and the jth dam, respec-
tively, received from the lth breed;
BlI and BlM are the direct and maternal genetic
effects, respectively, of the lth breed,
fitted as covariates;
ai is the random additive genetic effect
for the ith animal;
mj and cj are the random additive genetic and
permanent environmental maternal ef-
fects of the jth dam;
eijk is the random residual effect.
In matrix notation the model equation can be
expressed as follows:
y = Xb + Hh + QIg + QMd + ZIa
+ ZMm + Wc + e
where
y is the vector of observations,
b is the vector of fixed contemporary
group effects,
h is the vector of direct and maternal
heterosis effects,
g and d are the vectors of direct and mater-
nal breed fixed effects, respec-
tively,
a is the vector of random additive
direct genetic effects,
m and c are the vectors of random additive
genetic and permanent environ-
mental maternal effects,
e is the vector of residuals,
X is an incidence matrix with zeros
and ones relating observations to
contemporary group fixed effects,
H is an incidence matrix relating ob-
servations to direct and maternal
heterosis effects through the cor-
responding pi and pj values,
QI and QM are incidence matrices relating ob-
servations to direct and maternal
breed effects through the cor-
responding fil and fjl fractions,
respectively,
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Table 6. Structure of data set 2 for the
MARC II populationa
aData set 2, in addition to records in data set 1, included records
from a diallel cross with the Braunvieh, Red Poll, Hereford, and
Angus breeds, records from a top cross experiment with calves sired
by Simmental and Gelbvieh bulls, and records of animals in the
grade-up process to different purebreeds contributing to the compo-
sites.
bDescription of data set 1 is in Table 3.
Breed
Period of
births
Animals with
birth weight
Data set 1b 1968−1992 10,867
Angus ( A ) 1973−1974 129
Hereford ( H ) 1973−1974 86
Simmental ( S ) 1976−1985 969
1990−1992
Gelbvieh ( G ) 1984 46
H × A and reciprocal 1973−1976 293
S × H or A 1970−1972 1,173
1976−1982
G × H or A 1973−1974 522
1976−1977
S × (G × H or A) 1976−1982 424
S × (HA) 1976−1982 268
S × (AH) 1976−1982 189
Backcrosses H-A 1975−1976 13
S × (S × H or A) 1972−1977 968
G × (G × H or A) 1978−1979 7
S × S × (S × H or A) 1974−1982 1,158
G × G × (G × H or A) 1984 8
Total animals with birth weight 17,120
Total animals with 200-d weight 14,258
No. of animals in A−1 21,038
ZI, ZM, and W are incidence matrices with zeros
and ones relating observations to
genetic additive direct, additive
maternal, and permanent environ-
mental effects, respectively. The ZI
and ZM were augmented with 0
columns for animals without
records that were included in the
additive relationship matrix.
First and second moments of the model are
Var =

a
m
c
e

Asa
2
Asam
0
0
Asam
Asm
2
0
0
0
0
Incsc
2
0
0
0
0
Inse
2

E(y) = Xb + Hh + QIg + QMd and
Var(y) = ZI + ZMAZM′ + ZIAZM′samAZI
′ sa
2 sm
2
+ ZMAZI′sam + WW′ +sc
2 Ise
2
where
A is the additive genetic relationship
matrix obtained using Quaas' (1976)
rules,
Inc and In are identity matrices of sizes equal to
the number of dams (nc) and to the
total number of records (n) , respec-
tively,
sa
2 is the additive direct genetic variance,
s2m and sc
2 are the additive genetic and perma-
nent environmental maternal vari-
ances,
sam is the covariance between additive
direct and additive maternal genetic
effects, and
se
2 is the residual variance.
Estimation of Variance Components
Variance components were estimated with the
MTDFREML programs (Boldman et al., 1993). Esti-
mates are reported only for data set 1 (Table 8). For
two populations that included the extra data, the
differences in the estimates of the variance compo-
nents with and without the extra data were small;
thus, no other analyses with the extra data were run.
Estimation of Genetic Fixed Effects
Analyses were performed with the MTDFREML
programs (Boldman et al., 1993). With estimates of
variance components from data set 1 (Table 8),
solutions for direct and maternal heterosis, direct and
maternal breed effects, and their standard errors were
computed for data set 1 and data set 2. The block
diagonal part of the inverse of the coefficient matrix of
the mixed model equations corresponding to the
heterosis and breed effects in the model was obtained,
which corresponds to the sampling covariances of the
respective estimates. From this submatrix, sampling
correlations among the estimates were calculated.
Results and Discussion
Breed Effects. Estimates of direct and maternal
breed effects, as deviations from Angus, using data
sets 1 and 2 for birth weight are in Table 9. In
general, standard errors of estimates obtained before
including the extra data (i.e., those obtained with
data set 1) are much larger than for estimates
obtained once the data from the diallel and top cross
experiments and from the grading up process were
considered. Estimates of breed effects from data set 1
for Limousin are different from what was expected.
Estimate of the direct breed effect was large positive
(16.16 ± 4.58) and for the maternal effect was large
negative ( −9.05 ± 4.50), but with large standard
errors. However, estimates of the total Limousin breed
effect (i.e., the sums of direct and maternal breed
effects) obtained with data sets 1 and 2 are very
similar (7.11 vs 7.09) and are similar to the estimate 
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Table 7. Structure of data set 2 for the
MARC III populationa
aData set 2, in addition to records in data set 1, included records
from a diallel cross with the Braunvieh, Red Poll, Hereford, and
Angus breeds, and records of animals in the grade-up process to
different purebreeds contributing to the composites.
bDescription of data set 1 is in Table 4.
Animals
with
Breed
Period of
births
birth
weight
Data set 1b 1968−1992 9,322
Angus ( A ) 1973−1974 129
Hereford ( H ) 1973−1974 86
Pinzgauer ( P ) Ð Ð
Red Poll ( R ) 1973−1974 39
H × A and reciprocal 1973−1976 293
H × R and reciprocal 1973−1976 148
A × R and reciprocal 1973−1976 182
H × (AR) 1975−1976 9
H × (RA) 1975−1976 17
A × (HR) 1975−1976 6
A × (RH) 1975−1976 14
Backcrosses H-A 1975−1976 13
P × (PH) 1981−1982 109
P × (PA) 1980−1982 204
Total animals with birth weight 10,571
Total animals with 200-d weight 9,282
No. of animals in A−1 14,334
Table 8. Estimates of variance components (kg2) for
permanent environmental ( ) and residual ( )sc
2 se
2
effects, additive direct ( ) and maternal ( )sa
2 sm
2
genetic effects and their covariance (sa,m), on
birth and 200-d weights of three multibreed
populations of beef cattle using data set 1a
aData set 1 included records of composite animals, their ances-
tors, and their contemporary purebreds.
Parameter
Population sa
2 sm
2
sa,m sc
2 se
2
Birth weight
MARC I 13.72 2.39 −.27 .53 10.02
MARC II 13.19 2.35 .12 .78 11.34
MARC III 11.40 2.30 .53 .45 9.75
200-d weight
MARC I 117.44 52.16 −9.75 88.43 268.00
MARC II 138.34 63.45 −7.20 57.16 280.97
MARC III 140.98 36.93 −1.26 84.79 233.44
(6.8) reported by Gregory et al. (1991) using least
squares mixed model procedures and with data only
from the composite breeds and their contemporary
purebreds. The similarity between estimates of total
breed effects obtained with the two sets of data, and to
the ones reported by Gregory et al. (1991), was true
for all breeds.
Corresponding estimates of breed effects for
200-d weight are presented in Table 10. The same
patterns discussed for birth weight were observed for
200-d weight. Standard errors for estimates obtained
with data set 1 were large. Estimates of total breed
effects obtained with the two sets of data are similar
and are similar to the ones reported by Gregory et al.
(1991). For 200-d weight, the largest differences in
the estimates for direct and maternal breed effects
obtained with the two sets of data were for the
Simmental and Gelbvieh breeds in the MARC II
population (Table 10). The estimates obtained with
data set 1 for direct breed effects were large negative
( −42.37 ± 19.35 and −46.19 ± 29.40 for Simmental and
Gelbvieh, respectively), and for the maternal breed
effects the estimates were large positive (94.61 ±
19.34 and 100.68 ± 29.51 for Simmental and Gelbvieh,
respectively), but in both cases with large standard
errors. This result should have been expected due to
the poor structure of data set 1 in the MARC II
population (Table 3) for separating the different
genetic fixed effects in the model, resulting in high
sampling correlations between the estimates for the
direct and maternal breed effects, as will be discussed
later. Once the extra data in data set 2 (Table 6) was
considered, the estimates were more reasonable.
Estimates for direct breed effects for Simmental and
Gelbvieh, with larger body size than Angus (Cundiff
et al., 1986), were now positive (29.79 ± 4.38 and
36.98 ± 5.64, respectively), and the estimates for
maternal breed effects (36.98 ± 5.64 and 17.16 ± 5.21,
respectively) were not as large as the ones obtained
with data set 1.
Most estimates of breed effects obtained with data
set 2, for birth and 200-d weights, agree well with
previous reports (e.g., Gregory et al., 1978, 1979,
1991; Comerford et al., 1987, 1988; Dearborn et al.,
1987). However, some estimates were different from
expected. Compared with results reported by Comer-
ford et al. (1988) and Smith et al. (1976), the
estimated direct effect for 200-d weight of Limousin is
low, and the estimated maternal effect is high
(expected to be similar to Angus). The same is true
for the estimates of breed effects for 200-d weight of
Charolais. Actually, the estimates obtained with data
set 1 for 200-d weight for these two breeds are more
similar to expected ones than estimates obtained with
data set 2 (Table 10). Most of the results reported by
NuÂnÄez-DomõÂnguez et al. (1993) for weaning weight of
breeds evaluated in the Germ Plasm Evaluation
Program at MARC agree with the present study,
except for breed maternal effects of Simmental and
Gelbvieh, which they reported as maternal grandsire
means, and the equivalent differences compared with
Angus were twice as large as the ones reported here.
Some of the inconsistencies could be because data used
in the present study did not come from a designed
experiment to estimate direct and maternal breed
effects. The sum of the two estimates, direct and
maternal for each breed, agrees well with the expected 
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Table 9. Estimates and standard errors of direct and maternal breed effects as deviations from Angus for
birth weight (kg) from three multibreed populations of beef cattle, using two sets of dataa
aData set 1 included records of composite animals, their ancestors, and their contemporary purebreds. Data set 2, in addition to records in
data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus breeds, records from a top cross
experiment with calves sired by Charolais, Limousin, Simmental, and Gelbvieh bulls, and records of animals in the grade-up process to
different purebreeds contributing to the composites.
Data set 1 Data set 2
Breed Direct Maternal Direct Maternal
MARC I
Hereford 2.07 ± 1.74 .49 ± 1.39 3.47 ± .91 .09 ± .53
Braunvieh 9.40 ± 3.13 .70 ± 2.96 7.62 ± 1.14 3.10 ± .73
Limousin 16.16 ± 4.58 −9.05 ± 4.50 5.61 ± 1.25 1.48 ± 1.03
Charolais 10.37 ± 3.18 1.47 ± 3.05 7.97 ± 1.12 5.29 ± 1.00
MARC II
Hereford 2.10 ± 1.40 .68 ± 1.01 2.96 ± .88 .74 ± .48
Simmental 10.90 ± 4.23 .05 ± 4.20 10.63 ± .86 −.12 ± .75
Gelbvieh 7.93 ± 6.51 3.12 ± 6.52 11.09 ± 1.09 −.10 ± .90
MARC III
Hereford .59 ± 1.38 2.32 ± 1.12 2.41 ± .84 1.18 ± .52
Pinzgauer 6.29 ± 1.80 5.24 ± 1.59 9.64 ± 1.25 3.17 ± 1.14
Red Poll −1.09 ± 1.60 4.47 ± 1.28 1.14 ± .99 2.64 ± .63
Table 10. Estimates and standard errors of direct and maternal breed effects as deviations from Angus for
200-d weight (kg) from three multibreed populations of beef cattle, using two sets of dataa
aData set 1 included records of composite animals, their ancestors, and their contemporary purebreds. Data set 2, in addition to records in
data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus breeds, records from a top cross
experiment with calves sired by Charolais, Limousin, Simmental, and Gelbvieh bulls, and records of animals in the grade-up process to
different purebreeds contributing to the composites.
Data set 1 Data set 2
Breed Direct Maternal Direct Maternal
MARC I
Hereford −6.16 ± 7.42 −8.60 ± 6.29 −3.52 ± 4.19 −11.25 ± 2.68
Braunvieh 19.28 ± 15.37 28.39 ± 15.02 11.82 ± 4.98 34.47 ± 3.95
Limousin 9.69 ± 23.27 5.43 ± 23.14 −2.10 ± 5.43 16.69 ± 5.07
Charolais 24.47 ± 15.57 15.08 ± 15.32 13.38 ± 5.23 24.43 ± 5.01
MARC II
Hereford −4.73 ± 5.97 −12.23 ± 4.68 .94 ± 4.15 −13.72 ± 2.50
Simmental −42.37 ± 19.35 94.61 ± 19.34 29.79 ± 4.38 26.00 ± 4.00
Gelbvieh −46.19 ± 29.40 100.68 ± 29.51 36.98 ± 5.64 17.16 ± 5.21
MARC III
Hereford −14.37 ± 6.19 −.76 ± 5.26 −5.91 ± 4.10 −7.20 ± 2.95
Pinzgauer 11.16 ± 7.95 33.21 ± 7.37 30.56 ± 5.59 20.19 ± 5.44
Red Poll −18.46 ± 7.14 25.64 ± 6.01 −7.70 ± 4.73 17.13 ± 3.48
values (Gregory et al., 1991); however, the crosses
available in some cases seem not to allow partition of
the breed effects into the part due to the genetic
makeup of the calf and the part due to the genetic
makeup of the cow.
Heterosis Effects. Estimates of direct and maternal
heterosis effects on birth and 200-d weights are
presented in Table 11. Estimates obtained with data
set 1 have the same problems as estimates obtained
with that data set for breed effects. Some estimates for
direct and maternal heterosis effects had unexpected
negative signs. The most extreme case was for the
MARC II population, for which the estimate for
maternal heterosis on 200-d weight was −17.13 ± 6.66,
although with a large standard error. Once the extra
data in data set 2 were included in the analyses, the
results were more reasonable; however, it must be
recalled that the assumption was that heterosis effects
were the same for all the crosses, which may not be
true, but this was all that could be estimated with the
data in this study. The unexpected negative signs of
estimates for data set 1 could be due to sampling
variation, to small sample size, or to multicollinearity,
as discussed next.
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Table 11. Estimates and standard errors of direct and maternal heterosis effects on birth and 200-d weights
(kg) from three multibreed populations of beef cattle, using two sets of dataa
aData set 1 included records of composite animals, their ancestors, and their contemporary purebreds. Data set 2, in addition to records in
data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus breeds, records from a top cross
experiment with calves sired by Charolais, Limousin, Simmental, and Gelbvieh bulls, and records of animals in the grade-up process to
different purebreeds contributing to the composites.
Data set 1 Data set 2
Population Direct Maternal Direct Maternal
Birth weight
MARC I −5.00 ± 2.08 6.10 ± 1.89 .78 ± .29 .43 ± .28
MARC II −.28 ± 1.95 .89 ± 1.37 .29 ± .32 .08 ± .24
MARC III 2.09 ± .58 −.21 ± .59 1.06 ± .27 .66 ± .35
200-d weight
MARC I 3.50 ± 10.86 13.80 ± 9.91 8.74 ± 1.61 5.93 ± 1.51
MARC II 10.90 ± 4.23 −17.13 ± 6.66 12.95 ± 1.82 5.47 ± 1.35
MARC III 14.15 ± 2.70 4.26 ± 2.79 7.97 ± 1.56 9.89 ± 1.82
Table 12. Sampling correlations among estimates of direct (hI) and maternal (hM) heterosis effects, and direct
(I) and maternal (M) breed effect differences from Angus for Braunvieh (B), Hereford (H), Limousin (L),
and Charolais (C), for birth weight of the MARC I population, using data set 1a (above the diagonal)
and data set 2b (below the diagonal)
aData set 1 included records of composite animals, their ancestors, and their contemporary purebreds.
bData set 2, in addition to records in data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus
breeds, records from a top cross experiment with calves sired by Charolais and Limousin bulls, and records of animals in the grade-up process
to different purebreeds contributing to the composite.
Genetic
effect hI hM BI HI LI CI BM HM LM CM
hI −.96 −.78 −.03 −.89 −.78 .83 .04 .91 .82
hM −.29 .74 .03 .89 .74 −.78 −.03 −.90 −.77
BI −.22 .15 .30 .86 .89 −.95 −.26 −.85 −.89
HI −.03 .04 .40 .22 .30 −.22 −.89 −.16 −.22
LI −.19 .18 .44 .39 .86 −.88 −.19 −.97 −.87
CI −.20 −.09 .49 .41 .50 −.90 −.26 −.85 −.96
BM .29 −.12 −.80 −.31 −.40 −.46 .24 .90 .94
HM .02 −.03 −.35 −.88 −.34 −.36 .34 .18 .24
LM .25 −.24 −.39 −.23 −.73 −.44 .46 .26 .89
CM .31 .03 −.41 −.22 −.38 −.82 .50 .26 .47
Table 13. Sampling correlations among estimates of direct (hI) and maternal (hM) heterosis effects, and
direct (I) and maternal (M) breed effect differences from Angus for Simmental (S), Hereford (H),
and Gelbvieh (G), for 200-d weight of the MARC II population, using data set 1a
(above the diagonal) and data set 2b (below the diagonal)
aData set 1 included records of composite animals, their ancestors, and their contemporary purebreds.
bData set 2, in addition to records in data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus
breeds, records from a top cross experiment with calves sired by Simmental and Gelbvieh bulls, and records of animals in the grade-up
process to different purebreeds contributing to the composite.
Genetic
effect hI hM SI HI GI SM HM GM
hI −.93 −.92 −.03 −.92 .92 .03 .92
hM −.44 .87 .04 .80 −.87 −.04 −.80
SI −.45 .13 .17 .93 −.98 −.15 −.92
HI −.05 .04 .52 .09 −.12 −.85 −.05
GI −.53 .38 .69 .40 −.93 −.07 −.99
SM .54 −.19 −.76 −.31 −.59 .14 .94
HM .06 −.03 −.46 −.86 −.35 .36 .06
GM .59 −.41 −.55 −.23 −.82 .62 .27
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Table 14. Sampling correlations among estimates of direct (hI) and maternal (hM) heterosis effects, and
direct (I) and maternal (M) breed effect differences from Angus for Pinzgauer (P), Hereford (H), and
Red Poll (R), for 200-d weight of the MARC III population, using data set 1a (above the diagonal)
and data set 2b (below the diagonal)
aData set 1 included records of composite animals, their ancestors, and their contemporary purebreds.
bData set 2, in addition to records in data set 1, included records from a diallel cross with the Braunvieh, Red Poll, Hereford, and Angus
breeds, and records of animals in the grade-up process to different purebreeds contributing to the composite.
Genetic
effect hI hM SI HI GI SM HM GM
hI −.68 −.44 −.12 −.32 .45 .17 .37
hM −.41 .42 .19 .36 −.42 −.23 −.39
PI −.16 −.04 .55 .63 −.86 −.51 −.62
HI −.02 .06 .41 .57 −.50 −.86 −.54
RI −.18 .16 .42 .47 −.59 −.53 −.84
PM .19 −.06 −.74 −.31 −.35 .58 .68
HM .02 −.07 −.33 −.80 −.39 .36 .64
RM .18 −.14 −.35 −.39 −.77 .42 .48
Sampling Correlations. The large standard errors
and the unexpected large estimates of breed and
heterosis effects with data set 1 can be explained by
the large sampling correlations among the estimates.
As an example, the sampling correlation matrices of
estimates for breed and heterosis effects obtained with
the two sets of data are presented in Table 12 for birth
weight of the MARC I population, in Table 13 for
200-d weight of the MARC II population, and in Table
14 for 200-d weight of the MARC III population. There
were large sampling correlations among the estimates
obtained with data set 1, especially between estimates
of direct and maternal heterosis and between esti-
mates of direct and maternal breed effects for the
same breed, which had sampling correlations close to
−1. This is the reason estimates of direct and maternal
breed effects from data set 1 tended to go in opposite
directions in some cases (e.g., for birth weight of
Limousin [Table 9] and 200-d weight of Simmental
and Gelbvieh [Table 10]). The problem disappeared
when the extra data were included in data set 2, even
though the sampling correlations between estimates of
direct and maternal breed effects in the same breed
still were approximately −.8, which may be the most
this correlation can be reduced.
Although the heterosis effects and differences of
breed effects are estimable with the models used for
the present analyses, as corroborated by expectations
of solutions to the mixed model equations, the large
sampling correlations for estimates obtained with data
set 1 indicate some degree of confounding between
direct and maternal genetic effects. The present model
is a simplification of the model proposed by Dickerson
(1969). Under Dickerson's model, most of the specific
heterosis and differences of breed effects would not be
estimable. Accounting for differences among breeds by
Westell's algorithm (Westell et al., 1988; Van Vleck,
1990) is equivalent to fitting breed effects as covari-
ates in the model, as was done in the present study.
Lack of enough information to separate direct and
maternal breed effects in multibreed populations
when predicting EPD for comparisons of animals
across breeds may result in incorrect ranking of
animals. Estimates of breed differences form part of
those EPD (Arnold et al., 1992) and any error in
estimation of those differences will be repeated in
every comparison of animals from the corresponding
pair of breeds.
Implications
Even with a simplified model, separation of esti-
mates of mean genetic effects on traits of multibreed
populations of beef cattle into those due to the genetic
make-up of the calf and those due to the genetic make-
up of the dam requires data from a variety of crosses.
In beef cattle, there are limited numbers of breeds or
crosses in any herd. Thus, estimation of direct and
maternal breed genetic effects from field data sets
may not be possible. The development of an evaluation
system for using crossbred records will require incor-
poration of information from designed crossbreeding
experiments in some way.
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